Actinobacteria (actinomycetes) have been received much attention, as these bacteria produce a variety of natural drugs and other bioactive metabolites. The distribution of actinomycetes in various natural habitats, including soil, ocean, extreme environments, plant, lichens and animals, is described. The collection and pretreatment of test samples from different sources, design principle of selective isolation media, selection of inhibitors, selective isolation procedures of special actinomycetes, and cultivation methods are introduced and discussed. clusters, new products and new uses" [4, 9] . In other words, novel microbes should contain new gene clusters synthesizing novel secondary metabolites. Many laboratories and companies have focused on new actinomycete sources from new habitats, such as oceans [10] [11] [12] [13] [14] [15] , extreme environments [16, 17] , plants [18] [19] [20] , faeces of animals [21] [22] [23] and lichens [24, 25] , for the development of new drugs. So Baltz proposed a "renaissance in antibacterial discovery from actinomycetes" [26] .
Introduction
Actinomycetes (actinobacteria) have been received much attention, as these bacteria produce a variety of natural drugs and other bioactive metabolites, including antibiotics, enzyme inhibitors, and enzymes. More than 22,000 bioactive secondary metabolites (including antibiotics) from microorganisms have been identified and published in the scientific and patent literature, and about a half of these compounds are produced by actinomycetes. Currently, approximately 160 antibiotics have been used in human therapy and agriculture, and 100-120 of these compounds, including streptomycin, erythromycin, gentamicin, vancomycin, vermectin, etc., are produced by actinomycetes [1, 2] . However, the use of general approaches to develop new drugs from actinomycetes is more and more difficult [3, 4] . Although a large number of microorganisms have been identified, described, screened, and used, more than 90% of all microorganisms remain uncultivable [5] [6] [7] [8] . These uncultivable microbes might offer a new hope for the development of new drugs.
To overcome the challenges of drug development from microbes, new concepts based on genomics have been described, i.e., "new habitats, new methods, new species, new gene Test samples were collected from 90 species of medical plant in Yunnan. Thirty-four genera of pure cultural actinobacteria were identified. Like this, 28 genera actinobacteria were identified from only three species of lichens ( Fig. 1B ).
Fifty-one genera of actinomycetes were identified in feces samples collected from 42 species of animals ( Fig. 1A) . One new genus, Enteractinococcus, was described and published. More than 250 compounds were found from animal fecal actinomycetes. These results unfolded a bright prospect. Yaniella, Zimmermannella [22] 
Basic principle for the isolation of actinobacteria
In general, the isolation of actinomycetes has three targets.
First is the study on the community of actinomycetes in a special environment. In this condition, all of actinomycetes as the pure cultures should be isolated and identified. In order to manage to this target, the isolation media used should be propitious to the growth of possible more actinomycetes, and other microbes do not grow. Three to five media with different components should be used. Inhibitors against Gram-negative bacteria and fungi should be added into the media.
Second is the isolation of special actinomycetes, for example, a known species or genus, or some kind of actinomycetes with special physiological characteristics, including the resistance to antibiotics, chemicals, alkaline, acid, salts, and high and low temperatures. The isolation media should meet the requirement of target actinomycetes and inhibit the growth of unwanted microbes at the same time. For example, in order to isolate halophytic and alkalophytic actinomycetes, the salt concentration of isolation media should be 15% to 25%, and the pH level of the media should be adjusted to 10 to 12.
Third is the isolation of unknown actinomycetes. Up to now, countless actinomycetes have been isolated and identified from various habitats in the whole world. Thus, isolating unknown actinomycetes is the most difficult but most important. It requires the restraint of the growth of not only Gram-negative bacteria, some Gram-positive bacteria, and fungi but also most of the common actinomycetes.
In order to isolate as more as unknown actinomycetes, researchers should be familiar with all of the knowledge about the physiology and taxonomies of actinobacteria and other microbes and the role of each isolation factor (including components and concentration of media, pH, inhibitor, cultural temperature, etc.), and they should have rich experience. Isolation procedures should be ceaselessly renewed and improved. The isolation method of actinomycetes is on road and has no end ever.
Collection and pretreatment of test samples

Collection of test samples from different sources
Actinomycetes occur as saprophytes in diverse natural habitats, including soil, lake, ocean, plant, and animal. Soil remains a fruitful source of novel actinobacteria. The numbers and kinds of actinobacteria found in soil and other substrates are greatly influenced by primary ecological factors, such as nutrient, aeration, pH, temperature, salinity, and moisture and organic matter content. Indeed, the success in isolating large numbers of specific actinobacteria can be highly dependent on the choice of environmental samples. It is best to collect the soil samples from pristine area, including primeval forest, saline, alkaline soils, and desert. Soil samples in depth 5-20 cm are collected and put in sterile paper or plastic bag.
Actinomycetes are widely distributed in ocean, and a large number of natural products were found from them. Sediment in deep ocean is collected with sampler, and the samples are put in sterilized glass bottle and conserve at 4°C.
Actinomycetes exist widely in plant. Novel plant endophytic actinomycetes, especially from traditional Chinese drug, are also a promising source of antimicrobial and antitumor agents. Fresh samples of different plant tissues are collected and immediately put in sterilized container. The fresh samples should be used for the isolation of actinomycetes as soon as possible.
Recently, Mohamed et al. analyzed the biosynthetic gene cluster in human microbiome and discovered new bioactive substance, lactocillin, and considered that human microbiome is a huge molecular drug house [35] . There are uncountable species of animal in the whole world; animal feces are a huger actinomycete community, and animal microbiome should be huger molecular drug house. Discovering new drug leads from actinomycetes of animal feces is very important and tempting. In order to isolate actinomycetes, the fresh fecal samples should be put in sterilized container, conserve at 4°C, and used for the isolation of actinomycetes as soon as possible.
Pretreatment of test samples
Pretreatment is very important for the selective isolation of actinomycetes, which grow slower than other bacteria and fungi. In general, pretreatment regimes select target actinomycetes by inhibiting or eliminating unwanted microorganisms. Several chemical and physical pretreatments have been used for the isolation of actinomycetes. Actinomycete spores are more resistant to desiccation than most bacteria; hence, simply air-drying soil, sediment, lichen, and fecal samples at room temperature will eliminate most unwanted Gram-negative bacteria, which might otherwise overrun isolation plates. Air-dried soil heated or soil suspensions heated treatment can be used for selectively isolating special actinobacterial taxa ( Table 2) .
Sample suspensions can be treated with ultrasonic waves at 180 W for 40'. It can release the saprophytes fixed by soil granule into the suspension, increased account of actinomycetes, and reduced bacteria in the sample [36] (Fig. 2 ).
Based on the differential resistant ability of actinobacterial spores to withstand treatment with chemicals, such as benzethonium chloride, chlorhexidine gluconate, phenol, SDS, and various antibiotics, these different chemicals were used to isolate special actinobacterial taxa. Treatment with these agents for 30 min at 30°C can kill Gram negative cells of aerobic, endosporeforming bacilli and pseudomonads, increase frequency of actinomycete, and reduce bacteria ( Table 3) .
Pretreatment Target
Air-dried soil heated at 120°C for an hour Microbispora Streptosporangium .
Air-dried soil heated at 100°C for 15 min Actinomadura spp.
Water or soil suspensions heated at 45°C or 50°C for 10 min Streptomyces spp.
Water or soil suspensions heated at 60°C for 30 min Micromonospora spp.
Air-dried soil heated at 120°C for an hour Dactylosporangium and Streptosporangium spp.
Air-dried soil heated at 28°C for a week Herbidospora cretea
Soil suspension heated at 110°C for an hour Microtetraspora glauca Table 2 . Selective heat pretreatments for the isolation of actinobacteria. 
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Principle designing medium
The design of selective Isolation media needs to colligate each factor, such as isolation goals, target actinobacterial taxa, medium component, and inhibitors. The component (carbon and nitrogen sources) of selective isolation media can be formulated by using information from taxonomic databases and phenotypic databases. Appropriate inhibitors should be selected based on ability of target actinobacterial spores to withstand with antibiotics and chemicals.
Isolation methods of actinobacteria from different habitats 6.1. Isolation of thermophilic actinobacteria
In order to isolate thermophilic actinobacteria, the samples from hot spring or hot environments were air-dried at room temperature for 7 to 10 days, treated at 120°C for 1 h. Fifty milligrams of potassium dichromate and 1 mg of penicillin are added in the isolation media.
Isolation media
The plate dilution method was used to isolate actinobacteria from the sample suspension. Approximately 0.1-0.2 ml of each sample (10 -2 and 10 -3 dilutions) was used to coat the plates and cultivated for 7 days in a moist chamber at 55°C. Single actinomycete colony is picked to inoculate an agar slant containing the same isolation medium.
Isolation of halophilic and alkalophilic actinobacteria
Media for halophilic actinobacteria (for 1000 ml distilled water): 
Medium preparation:
The salt mixtures are dissolved in a half volume of water, other components of medium are dissolved in other half volume of water, and they both have to be sterilized separately. Then the whole medium is spread into the plates after mixing the both while hot.
In order to isolate the alkalophilic actinomycetes, the five media as above can be used. However, it does not need the salt mixtures; pH should be adjusted to 10 to 11 with sterilized NaOH or Na 2 CO 3 before spreading plate.
Twenty-five to 40 mg (for 1 L medium) of nalidixic acid should be added into all of media for inhibiting Gram-negative bacteria.
The growth of halophilic actinomycetes is always very slow. Thus, isolation media should be thicker, and the cultivation time of isolation plates should be lengthened to 20 to 35 days in keeping humidity. Single actinomycete colony is picked to inoculate a slant with the same isolation medium.
Isolation of acidophilic actinobacteria
Study on acidophilic actinomycetes is few worldwide, and only some report on acidophilic streptomycetes exists. Supplied in each medium were the following: 50-100 mg cycloheximide, 100 mg nystatin, 25 mg nalidixic acid, and 5 mg penicillin for 1000 ml.
Samples were air-dried for 48 h at room temperature and were then washed with an ultrasonic step (160 W, 15 min) to remove the surface soils and adherent epiphytes completely. After drying, the samples were subjected to a five-step surface sterilization procedure: 4-to 10-min wash in 5% NaOCl, followed by 10-min wash in 2.5% Na 2 S 2 O 3 , 5-min wash in 75% ethanol, wash in sterile water, and final rinse in 10% NaHCO 3 for 10 min. After being thoroughly dried under sterile conditions, the surface-sterilized tissues were subjected to continuous drying at 100°C for 15 min [34] . Surface-treated tissues are aseptically crumbled into small fragments and homogenized with a glass homogenizer; 0.1 ml of the suspension at three dilutions is spread on the isolation plate. The inoculated plates were incubated at 28°C for 2 to 4 weeks.
Isolation of actinobacteria in animal feces
Isolation media (for 1000 ml distilled water): Fresh fecal samples were collected. The samples were immediately transferred to sterile glass dishes and dried for 10 days at 28°C. Two grams of each dried sample was pretreated at 80°C for 1 h and subsequently dissolved in 18 ml of sterile water containing 0.1% Na 4 P 2 O 5 , followed by shaking at 220 rpm/min for 60 min. The suspension is treated with ultrasound waves for 40 s at 150 W before coating. The suspension was diluted from 10 -1 to 10 -7 , and three dilutions, 10 -5 , 10 -6 , and 10 -7 , were used for isolating actinomycetes.
The abundance of Gram-negative bacteria in animal feces presents a major challenge for the isolation of fecal actinobacteria. To eliminate Gram-negative bacteria and fungi and to obtain more unknown actinobacteria, some key points for sampling and isolation should be given attention.
First, based on the results of previous experiments, it is best to collect fresh fecal samples from wild animals living in original habitats. Second, the fresh samples should be dried at 25-28°C for 7 to 10 days. Third, the dried samples should be treated for 60 min at 80°C, and the fecal suspension should be treated with ultrasound waves for 40 s at 150 W before coating [34] . Fourth, potassium bichromate 50 mg and 5 mg penicillin or nystatin 50 mg, nalidixic acid 20 mg, and 5 mg penicillin per 1 L should be added into isolation medium to inhibit the growth of Gram-negative bacteria and fungi. Fifth, the samples should be diluted to 10 -5 , 10 -6 , and 10 -7 , and the optimum dilution concentration for each animal fecal sample should be determined in advance. Sixth, YIM 212, YIM 171, and HV medium are better for the isolation of fecal actinobacteria, and these media should be improved and constantly updated with respect to different samples. Seventh, all experiments should be performed under strict sterile conditions for avoiding spread of pathogen. Inhibitors: all media were supplemented with filter-sterilized mixtures of 50 mg cycloheximide, 50 mg nystatin, and 25 mg nalidixic acid as inhibitors against fungi and Gram-negative bacteria.
Isolation of actinobacteria associated lichens
The plate dilution method was used to isolate the actinobacteria. Two grams of each dried sample was grinded with a sterile glass homogenizer and dissolved in 18 ml of sterile water containing 0.1% Na 4 P 2 O 5 , followed by shaking at 220 rpm/min for 60 min. The suspension was treated with ultrasound waves for 40 s at 150 W before coating. The suspension was diluted from 10 -1 to 10 -5 , and 0.1 ml of three dilutions, 10 -3 , 10 -4 , and 10 -5 , was used to coat the plates and cultivated for 10 to 25 days at 28°C. Subsequently, single actinomycete colony was picked up and inoculate to a slant with the same isolation medium.
Isolation of rare actinobacteria
The actinomycetes except streptomycetes are named rare actinomycetes. In recent years, a large number of novel bioactive substances were discovered from the rare actinomycetes. Thus, isolation methods of rare actinomycetes have been received much attention. 
Cultivation of actinobacteria
Liquid fermentation
The cultivation here is limited to small liquid and solid fermentation for studying the bioactive substances produced by actinomycetes. Fermentation is extremely important procedure for the discovery of new drug leads. Different strains need different fermentation conditions, including components, concentration, and pH of broth, and time, temperature, and aeration of fermentation. In general, the goals of the fermentation are as follows:
1. All of potential bioactive substances in actinomycete strains should be produced in fermentation broth as much as possible.
2.
Studying main or target compounds should be produced as much as possible.
fermentation. The optimum component of solid medium for different actinomycetes is different from each other. It is has to emphasize that no all of actinomycetes can grow in solid fermentation. Figure 3 . Solid fermentation of two streptomycete strains in rice+YIM 61 broth for 7 days at 28°C.
